Minimally invasive surgery has rapidly changed the performance of surgical practice in a wide range of surgical specialities in the last decade of the 20th century. The marked progress in endoscopic surgery has been conducted especially in general and digestive surgery.
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The lesion is accurately lifted using the metal rod by pulling the wire. mucosal gastric cancer is as high as 90% by endoscopy and endoscopic ultrasonography. Therefore, it is im portant to establish a minimally invasive therapy for mucosal gastric cancer. Among 483 consecutive patients with mucosal gastric cancers who underwent gastrec tomy with lymph node dissection in our institution, lymph node metastasis was found in only 10 (2.1%), most of whom had large, depressed lesions with ulcers or scar formation. There was no lymph node metastasis when the diameter of the lesion was less than 25mm. Most mucosal gastric cancers can thus be curatively treated by local resection of stomach tissue. To obtain both a complete cure and minimal invasiveness, we introduced an original laparoscopic treatment for early gastric cancer since 1992.2 The technique was termed the lesion-lifting method.
After laparoscopic exposure of the gastric wall around a cancerous lesion, a small metal rod is intro duced into the stomach at the vicinity of the lesion through a catheter which pierces the abdominal wall and the exposed gastric wall. While the cancerous lesion is accurately lifted up with the support of the metal rod (Figs. la & 1b) , wedge resection of the stomach is carried out using an endoscopic stapling device. This procedure results in complete local resection of the le sion with a sufficient surgical margin. Application of sentinel node navigation surgery to laparoscopic gastrectomy
Curative resection for invasive gastric cancer should include removal of the lymphatic drainage of the tumor bearing segment of the stomach. Gastrectomy with sys tematic lymph node dissection (D1 or D2) has been considered as a standard procedure for the treatment of early gastric cancer with potential for micro-lymph node metastases. The frequency of lymph node in volvement, however, is less than 15% in early gastric cancer, in which the depth of invasion is limited within the submucosal layer.7 Simple wedge resection with a safe surgical margin should be sufficient for curative treatment for early gastric cancer without lymph node metastases. From this point of view, distal or total gas trectomy with lymphadenectomy, for patients with early gastric cancer without lymph node metastases, might be regarded as an excessive surgery. The diffi culty in the preoperative diagnosis of the micro-lymph node involvement, however, is the reason why conven tional gastrectomy with lymphadenectomy remains val id as a standard procedure.
The sentinel node concept is based upon the orderly progression of tumor cells within the lymphatic system. The first draining node, called the sentinel node, is also the first to contain metastases. Identifying the sentinel node can be accompanied by preoperative injection of radioactive isotope-labeled colloidal albumin at the site of the primary tumor and subsequent intraoperative use of a handheld gamma probe to localize radioactivity in the lymph lesion. The technique can also be performed with a vital blue dye which enables visualization of the lymphatics. Sentinel node biopsy has been performed in patients with melanoma and those with breast cancer, and the histological status of the sentinel node accu rately predicted the lymph node status. Postoperative cosmesis in the neck is often a major concern of patients, particularly those undergoing thy roid surgery. Therefore, the performance of thyroidec tomy without an operative scar in the neck is expected to improve patient satisfaction. We developed an origi nal technique for performing endoscopic thyroidectomy using a breast approach and low pressure CO, insuf flation into the subplatvsmal snace. 9 The subcutaneous space in the breast area and sub platysmal space in the neck were bluntly dissected through a 15-mm incision between the nipples, and CO, was insufflated at 6 mmHg to create the operative space. Three trocars were inserted at the breast (Fig . 2) , and dissection of the thyroid and division of the thyroid We have applied laparoscopic surgery for the treat ment of colorectal cancer since 1992, to early cancers in the first 4 years, and then up to advanced cancers based on the favorable results in the first application.12 Even patients with lower rectal cancer were successfully treated by laparoscopic techniques with a satisfactory outcome in each. 13 Earlier return of bowel motility and earlier discharge from the hospital (p<0.05) were observed after lapa roscopic surgery. Serum C-reactive protein levels on postoperative day 1 (p<0.001) and 4 (p<0.005) were lower in the laparoscopic group than the open group. No significant differences were found in leukocyte count, natural killer cell activity, and interleukin-6 levels be tween the two groups. Postoperative complications did not differ between the two groups. These results suggest that laparoscopic surgery for advanced colorectal can cer is feasible with favorable short-term outcome com parable to open surgery.
Application for Crohn's disease Surgical treatment is often necessary for patients with Crohn's disease complicated by intestinal strictures or fistulas. We examined the technical feasibility in patients with Crohn's disease associated with strictures and fistulas. 16 Laparoscopic surgery was attempted in 37 patients with structuring ileal or ileocolonic Crohn's disease between 1994 and 2000 after failure of strict nutritional therapy. Twenty-four patients underwent ileocecal resection, 17 underwent strictureplasty, 15 partial resection of anastomotic recurrence. Oral intake was started a median of one day after the operation, and patients were discharged a median of 8 days after surgery. Six complications were observed in 41 sur geries (14.6%), including two intestinal obstructions/ ileus, three wound infections, and one intraabdominal abscess. Two of these complications were associated with laparoscopic intracorporeal fistula takedown. There were no intraoperative or postoperative deaths. Four patients required convention to open surgery (9.7%). Six patients who required reoperation for anastomotic recurrence underwent repeated laparo scopic surgery using the same small incision. It is sug gested that laparoscopic treatment for Crohn's disease complicated by fistulas is feasible, without high compli cation or conversion rates, and is applicable to reoper ation for recurrent disease after laparoscopic treatment.
Development of Laparoscopic Surgery for Hepatobiliary Diseases

Laparoscopic clipless needle cholecystectomy
Laparoscopic cholecystectomy has become the stan dard treatment for sympatic cholelithiasis. Since 3mm bipolar coagulation forceps and 2mm instruments be came available, our technique for laparoscopic chol ecystectomy has changed. Bipolar energy never passes through the body, thus reducing any potential for con ductive injury around the bile duct. Since the 3mm bipolar coagulation can avoid using clips on the cystic duct and artery, the total cost of the procedure was reduced. Furthermore, the 2mm and 3mm incision sites can be closed easily in one minute by surgical tape without suturing. A 5-mm instrument is usually the acceptable size. However, 2 to 3mm devices are more beneficial, leaving smaller scars. On the other hand, function of these instruments remains similar to the standard 5mm instruments with the advancement of micro-technology. With the 2mm instruments and 3 mm bipolar forceps, our standard technique for laparo scopic cholecystectomy became faster, less traumatic and less expensive. The application of the minimally invasive procedure to more complex operations requires new technology. Presently, a majority of abdominal operations can be done by the laparoscopic approach. However, there are major difficulties because the view of the operating field is restricted to a two-dimensional image, effecter instruments have limited maneuverability due to the rigid shaft axis fixed to the abdominal wall by the entry trocar, and loss of direct contact with organs results in insufficient tactile information.
To overcome the difficulties of endoscopic mani pulation, major research efforts have been devoted to develop a minimally invasive robotic surgery system that includes three-dimensional video imaging, tele manipulated flexible effector instruments, and tactile AESOP (Automated Endoscopic System for Opti mal Positioning Computer Motion, Inc., Santa Babara, Calif., USA) was the first commercial laparoscope posi tioning system introduced in 1994. We have used this robot clinically since 1996, and safely performed over 100 cases of 'solo-surgery' without human assistance. There were no disadvantages observed such as pro longed surgical duration, increased volume of operative bleeding, increased complication rate, or conversion to open surgery, in comparison with surgery with human assistance. Since a voice control human-machine-inter face was developed, the robotic system has become more user-friendly.
Master-slave manipulator
Dexterity is enhanced by a master-slave manipu lator in which a microprocessor is placed between the surgeons' hand (master) and the tip of the surgical instrument (slave). This system allows performance of superhuman tasks that cannot be done without com puter enhancement.
Major advantages using master-slave manipulators are that the surgeon's tremor disappears at the robotic site, and that the surgeon can freely scale-down robotic movements. To date, several kinds of systems have already been introduced to the clinical practice . Among them, the da Vinci system (Intuitive Surgical , Inc, Mountain View, Calif., USA) , equipped with two articulated joints at the tip which permits the system to have a total of 7 degrees of freedom and a high quality 3-D vision system, appeares to provide superior dex terity to surgeons. We have introduced the da Vinci system to the laparoscopic surgery of gastrointestinal diseases since March, 2000 (Fig. 3) , and confirmed the excellent maneuverability especially in suturing and ligating procedures. The surgeons can feel as if their miniature wrist and fingers are operating in the ab dominal cavity. We confirmed in experiments of motion analysis that restrictions on the rotation of the sur geons' movements observed in the endoscopic manipu lations can be relaxed using this system.' For example, taking advantage of this system, we have developed a novel method of cholecystectomy, where we ligated the cystic artery and cystic duct using strings to complete the procedure without leaving foreign bodies such as clips, and sutured the liver bed after resection of the gallbladder to repair defects of the peritoneum and prevent adhesion after surgery. We also succeeded in performing a complete endoscopic choledocho-jejunos tomy in a non-resectable advanced pancreatic cancer patient suffering from obstructed jaundice, which is currently performed by open surgery without this sys tem. With research efforts devoted to such systems, the master-slave manipulators will be improved to carry out surgeries in a microscale or on moving organs through motion compensation. The lack of tactile sensation, however, is the most serious demerit of current master-slave manipulators. It is one of the most difficult problems to overcome in the development of a robotic system. In the open air, we have developed a tele-presence system which transmits tactile sensations of remote objects using a PHANToM (Personal Haptic Interface Mechanism) system (Sen sable Technology, Inc, USA). Tactile sensations of the surface and elasticity of the remote object can be felt by the fingers as if they are really being touched, and even a delicate maneuver such as turning book pages can be done by tele-presence with complete tactile sensation. We expect this transmission system can be applied to the instruments of endoscopic surgery in the near future. 
